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Abstract: The Egyptian government tends to rely on renewable energy sources in the framework of 
sustainable development plans, including the geothermal energy. Therefore, this investigation objective to 
reveal the distribution of the geothermal energy in term of u-pwelling heat flow over the Egyptian Red Sea 
district from magnetic data by assessing the depth to the bottom of the magnetic bodies. The spectral 
analysis method was applied to the magnetic data to determine this bottom. This method demonstrates that 
the area is characterized by an average Curie depth of 9.5km. The calculated heat flow of this area (151 
mW/m2) goes above the common worldwide heat flow. The consequences establish a general increase of 
the Curie point depth from 7km, close to the axial trough, to 15km at the western coast. The assessed heat 
flow varies from 92 to about 196 mW/m2. The examination area has a high geothermal gradient and a high 
heat flow because of the rifting action of the Red Sea that causes an up-welling heat flow from the upper 
mantle. The results indicate that the area is suitable for hydrocarbon accumulation as a source of non-
renewable energy as well as geothermal energy as a source of renewable energy.  
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1. INTRODUCTION 

Egypt's geothermal zones are concentrated in 
the Gulf of Suez (GOS) region, where hot springs, such 
as Hammam Pharaum with a temperature of 71 ̊C and 
in the Red Sea (RS), where thermal wells such as Umm 
Khariga well with a temperature of 36°C (Said, 1962). 
The RS basin has an elongated shape lies among the 
uplifted Arabian-Nubian Shields. Moores et al., (1995) 
depicted it as a constricted oceanic basin that directly 
undergoes development amongst African and Arabian 
plates. The coastal shelves at both flanks of that sea 
slope in the direction of the main trough at depths 
exceed 1,000 m. The main trough includes the axial 
trough of approximately 30- 50km wide. The axial 
trough is characterized by disjointed deeps (Fig. 1) in 
the northern Red Sea (NRS), continuous in the central 
section while disappearing south of latitude14°N. 
Laughton (1970) exposed that the depths of that axial 
trough locally reach ~2,000 m. The research area (Fig. 
1) comprises the northwestern offshore part of the 
Egyptian RS shelf. 

The bathymetry of the RS exposes three 
different depth zones (Becker et al., 2009; Ligi et al., 
2011; Schmidt et al., 2011; Smith & Sandwell, 1997), 

shallow shelves with a depth less than 50 m, deep 
shelves that ranges a depth from 500 to 1,000 m, and 
the main trough with depths range from 1,000 to about 
3000m including the axial trough. Simply, fifteen 
percent of the RS forms the narrow main trough, which 
goes above 1,000 m in depth. 

The heat flow (HF) studies that were done by 
Hosney (2001) and Morgan et al., (1980; 1983 and 
1985) along the GOS- RS area gave also agreements 
of late volcanic action, which probably was the 
principal starting point of hydrothermal activity. They 
suggested the high HF of the GOS- RS rift up to 80-
130 mW/m2, which decreases laterally to attain a 
trademark estimation of ~46 mW/m2 at ~90km away 
from the NRS axis because of the anomalous heated 
upper mantle (Feinstein et.al., 1996). Morgan & 
Swanberg (1979) recorded a general increase in the HF 
values in the northern part of Egypt in the direction of 
the RS coast, ranging from 36-55 mW/m2 along the 
coast and 75-100 mW/m2 at ~30-40km far from the 
shoreline. In addition, Girdler (1970) recorded an 
increase of the geothermal gradient (GG) of the RS 
toward the rift zone (Fig. 2). He confirmed an 
anomalously high gradient east to Quseir city. A 
similar value of ~80-100 mW/m2 is consistent with the 
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observed low velocity below the Moho in the GOS 
(Gaulier et. al., 1988) and the average HF of the RS is 
116 mW/m2 (Boulos, 1990). Cochran et al., (1986) 
reasoned that the HF values change rapidly toward the 
rift-axis and an extreme value of 605 mW/m2 as 
informed from the Conrad Deep region. Martinez & 
Cochran (1988) exhibited 191 HF measurements in the 
northerly RS along three crosses transversely the rift 
area. The HF across the rift steadily increases from 
values of ~125 mW/m2 seaward of the coasts to usual 
values between 250 and 350 mW/m2 was measured in 
the axial trough. This HF is greater than the world 
mean HF by 6-10 times (Makris & Rihm, 1991). 

 
Figure 1. Topographic map of the NRS displays the research 
area and the primary deep brines (the dark blue color). 
 

The HF around the River Nile in the northern 
portion of Egypt was examined, depending upon the 
density of different rocks and the velocity of the P-wave, 
by Hosney (2000). He detected a low HF (46 mW/m2) 
at the west of the Nile area while the eastern part is a 
tectonically active province with a high HF up to 80-130 
mWm2 comprising the GOS and the northerly RS rifting 
regions. Saleh et al., (2013) estimated the Curie point 
depth (CPD) and the HF of the NRS. He linked them 
with the seismicity of that region. Their regional study 
includes 7˚latitudes×4˚ longitudes extending from the 
Nile valley to Saudi Arabia in the southern part and from 
Sinai to Jordan. They revealed that the CPD ranges from 
5-20km and the maximum HF is about 235 mW/m2 at 
Brothers Island and Conrad Deep due to their 
association with both the concentration of rifting to the 
axial trough and the magmatic activity at these parts. 
Salem et al. (2000) studied the HF of the area north 
Quseir City from magnetic data. They concluded a 
general increase of the HF exceeds 160 mW/m2 to the 

east. Saada (2016a) calculated HF south to the present 
study area from the integration between 2D-modeling 
and spectral analysis of magnetic data. He showed that 
the HF values range from ~ 55 mW/m2 at the exposed 
basement rocks in the western coastal area to more than 
150 mW/m2 close to the central trough. Elbarbary et al., 
(2018) estimated the HF of Egypt and revealed high 
values in the same direction. 

 
Figure 2. Geothermal Gradient Map of Red Sea (after 

Girdler, 1970). 
 

The examination region includes the western half 
of the NRS, which is an active rifting zone. 
Consequently, this examination is completed to 
compute the GGs and the HF for this area. Some authors 
revealed that the NRS area involves a true seafloor 
spreading such as Vine (1966); Allan (1970); Roeser 
(1975); Egloff et al., (1991); Makris & Rihm (1991); 
Augustin et al., (2014); Mitchell & Park (2014);. Others 
confirmed that the region undergoes only stretching and 
thinning of the continental crust, without the formation 
of an actual oceanic crust (Cochran & Martinez 1988; 
Martinez & Cochran 1988; Cochran 2005). However, 
all of them have no doubt that this part is an active rifting 
area. It is significant to understand the HF along the 
western part that undergoes thinning of its continental 
crust due to that rifting. 

Magnetic data are used for assessing the HF 
depends fundamentally on the calculation of the depth 
to the bottom of the magnetic sources that caused 
these anomalies. The depth of this bottom matches the 
Curie point isotherm at which the substance loses its 
magnetic polarization. Many scientists utilized the 
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examination of the magnetic data to appraise CPD in 
different areas.  Among of them Smith et al., (1974); 
Bhattacharyya & Leu (1975); Byerly & Stolt (1977); 
Connard et al., (1983); Okubo et al., (1985); Blakely 
(1988); Tsokas et al., (1998); Tanaka et al., (1999). 
Recently, it was applied by many authors, e.g Maden 
et al., (2009); Trifonova et al., (2009); Kasidi & Nur 
(2012); Maden (2012); Saleh et al., (2013); Hsieh et 
al., (2014); Abraham et al., (2014 and 2015); Gao et 
al., (2015); Saada (2016a and 2016b). This procedure 
can be valuable as a quick examination technique for 
geothermal investigation goals, where magnetic data 
are presented in a great quantity. 

This analysis goals to assess the CPD and the 
surface HF of the northern part of the Egyptian RS 
strip. To realize this goal, the filtering and spectral 
analysis techniques were applied to magnetic data of 
that area. 
 

2. THE STUDY AREA  
 
The formation of the RS can be divided into two 

main stages: a contractional tectonic stage that formed 
during 900 - 600 Ma, tailed with an extensional 
tectonic period during 595 - 575 Ma (Stern & Hedge, 
1985; Miller & Dixon, 1992). A second compressional 
tectonic chapter resulted in crustal shortening of the 
Nubian Shield, which offset the east to northeast 
trending sutures in the northern portion of the shield 
(Abdelsalam & Stern, 1996) at Late Proterozoic. The 
greatest recent extensional tectonic episode of the 
African Nubian Shield is the formation of the RS, 
which took place in the Late Oligocene to Early 
Miocene since 30 Ma (Bosworth et al., 2005 and 
Ghebreab, 1998). The rift was connected with uplift 
that resulted in erosion of the sedimentary sequence 
and the underlying basement rocks (Avigad & 
Gvirtzman, 2009). The study area was affected by the 
Dead Sea-Gulf of Aqaba transform fault that is one of 
the greatest tectonically active features on the African 
Nubian Shield. It is a left-lateral strike-slip fault, which 
extends along about 1000km long. It has a slip rate 
varies between 1 and 10 mm/yr (Garfunkel, 1981 and 
Yeats et al., 1997). Studying the Igneous activity and 
local subsidence along this transform fault, shows that 
this tectonic stage began in the Middle Miocene (ca. 18 
Ma) with a whole displacement of nearly 105km 
(Garfunkel & Ben-Avraham, 1996). 

The NRS cuts across a huge dome of 
Precambrian basement rocks (Arabian-Nubian massif) 
flanked by epicontinental and marine sedimentary 
rocks. The African and Arabian coastlines are nearly 
straight and parallel with a shore-to-shore width of 
approximately 180-190km (Allan, 1970; Martinez & 
Cochran, 1988). The morphology of the NRS has the 

general form of a broad basin with shallow marginal 
areas, stepping down toward a distinct zone of deeper 
water at ~1200-3000m referred to as the axial trough 
(Allan, 1970 and Cochran et al., 1986). The deeper 
axial trough is ~20-30km wide (Martinez & Cochran, 
1989). The width of the main trough and the axial 
trough were reported by Cousteau et al., (1953) and 
Tazieff (1952).  

The study area has certain small, isolated deeps 
(Fig. 1) inside the main trough (Ehrhardt & Hübscher, 
2003). These deeps have water depth ranges from 
1,000 and 1,400m where brines and sediments can 
accumulate (Hartmann, 1980 and Scholten et al., 
1991). Some of these deeps contain hot or cold brines 
and metalliferous sediments (Backer & Schoell, 1972; 
Winckler et al., 2000) and localize coincident with or 
close to, high amplitude dipolar magnetic anomalies 
(Bertram et al., 2011; Botz et al., 2011). The well-
known ones are the Shaban Deep, Conrad Deep, 
Klauke Deep, and Oceanographer Deep. Some of these 
axial “deeps” are the focus of the hydrothermal 
activity.  

The lithology of study area includes two main 
groups, which are; the Precambrian basement and the 
Phanerozoic sedimentary rocks (Fig. 3). The 
Precambrian rocks contains gneisses and ophiolitic 
serpentinites, metagabbros, and metabasalts, as well 
as metasediments. These rocks were intruded by 
granitic rocks of older (gray) and younger (pink) 
granite, overlain by the Dokhan volcanics, and 
covered by molàsse-type sediments (Ries et al., 1983; 
Sultan et al., 1988; and Stern et al., 2004. 

The sedimentary sequence of the NRS area is 
similar to that of the GOS. It was divided into three 
groups, which are pre-rift, syn-rift and post-rift 
sediments (Issawi et al., 1971; Montenat et al., 1988 
and Said, 1990). The pre-rift subdivision includes 
intercalations of sandstone, shale, dolomite, and 
limestone ranging in age from Cambrian to Eocene. 
The syn-rift succession ranges from Late Oligocene 
to Pliocene for the onshore area but extends to Recent 
for the offshore part. This succession composes of 
Late Oligocene (Nakhil Formation), unconformably 
overlain by Early Miocene clastics of Ranga and 
carbonates of Um Mahara formations that 
corresponds to Thayiba, Nukhul, and Rudeis 
formations in the GOS subsurface, respectively. 
Middle and Late Miocene sediments with evaporites 
and clastics of Abu Dabbab and Marsa Alam 
formations overlie it conformable. These formations 
are corresponding to Kareem, Belayim, South Gharib, 
and Zeit of the GOS, respectively (Fig. 3). Because of 
the tectonic activity of the NRS, the constructed 
stratigraphic column displays at least five 
unconformities in the offshore area. 
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Figure 3. Stratigraphic column of the NRS and the Gulf of Suez. Modified after Amer et al., 2012. The red color shows 
the formation names that are used by petroleum companies. 

 
3. DATA AND METHODOLOGY 
 
3.1. Magnetic Data 
 
This research is carried out depending mainly on 

the reduced to pole (RTP) aeromagnetic data (Fig. 4) 
with a contour interval of 20 nT, scale 1:250,000 (total 
field of the area is 41,400 nT, the inclination angle is 
37.4 degrees and the declination angle is +1.6 degrees). 
These data were compiled for the NRS area by Censa 
404 titans (N80DS) aircraft using Varian V-85 Proton 
Precession Magnetometer. The main parameters of this 
survey include (1) the altitude, which was 500 feet; (2) 
the station spacing was 1km traverse and 5km tie lines 
and (3) the flight line direction was traverse= 50° / 23° 
and tie line= 140°/ 320°. The survey was collected by 
Meshref (1990) and obtained from Saad (1991). 

 
3.2. Determination of the Curie point depth (CPD) 

 
Magnetic anomalies come from both the near-

surface and the far-surface magnetic bodies (Thébault et 
al., 2010). Consequently, the magnetic data contain high 
wavenumbers and low wavenumbers anomalies 
together. The high wavenumbers anomalies, which are 
characterized by short-wavelengths, come from 
topography and/or near-surface magnetic sources. On 
the other hand, major low wavenumbers components, 
which are characterized by long-wavelengths, originate 
from regional features and the main magnetic core fields 
that possibly can affect the centroid depth estimations 
(Okubo et al., 1985; Tsokas et al., 1998; Stampolidis & 
Tsokas, 2002). The CPD assessment needs the deepest 
magnetic sources. The main magnetic core field had 
been removed by the application of the International 
Geomagnetic Reference Field (IGRF) to yield the RTP 
magnetic map (Fig. 4). The RTP map had been built to 
correct the position of the magnetic anomalies directly 
above their sources.  

Spector & Grant (1970) adapted the basic 2-D 
spectral analysis technique to estimate the depth to the 
top of magnetized rectangular prisms (Zt) from the 
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slope of the logarithmic power spectrum. A Few years 
later, Bhattacharyya & Leu (1975 and 1977) computed 
the centroid depth (Z0) of the magnetic bodies. Okubo 
et al., (1985) proven this technique for assessing the 
bottom depth of the magnetic bodies (Zb). 

 

 
Figure 4. The reduced to pole (RTP) aeromagnetic map 
shows the deep brines and the sixteen blocks that were used 
to estimate the depth to the top (Zt) and the centroid (Z0) of 
the magnetic sources of the investigation area. 
 

To define the Zt, a straight line should be fitted 
for the high-wavenumber part of the radially averaged 
power spectrum depending on the next procedure 
based on the method that was existed by Blakely 
(1995) and Tanaka et al., (1999): 

tT ZkBk −=∆ ln])(ln[ 2/1φ  … (1) 

Where ( T∆φ ) is the entire magnetic field and (B) is 
a constant for the equation. Likewise, the Z0 of the 
magnetic centroid can be assessed by fitting a straight 
line overhead the low-wavenumber portion of the 
radially averaged frequency-scaled power spectrum 
as exposed in the next procedure: 

0
2/1 ln}/])(ln{[ ZkDkkT −=∆φ  

……………………………………………(2) 
Where (D) is the constant of the equation.  

Therefore, Zt and Z0 of the magnetic layer can 
be determined. According to Okubo et al., 1985 and 
Tanaka et al., 1999, the basal depth (Zb) of any 
magnetic source can be resulted as: 

Zb= 2Z0-Zt…………….…….. (3) 

The acquired Zb of the magnetic layer is 
identical to the CPD due to the increasing of 
temperature downward to the interior of the earth. At 
Zb, Ferromagnetic minerals damage their 
magnetization at a temperature of approximately 580º 
C. Above this temperature, there is no magnetic 
polarization. Therefore, the depth of this temperature 
is the bottom of the magnetic layer. In fact, the Curie 
temperature of any rock depends mainly on its 
mineral composition. For example, the presence of 
Titanium in oceanic crust (Titanomagnetite) drops 
this temperature (about 350ºC). Because of the 
abundance of magnetite and its large magnetic 
contribution, nearly, all authors used its Curie 
temperature (580ºC) to determine the lower boundary 
of the crustal magnetic layer.  

To connect Zb with the Curie point isotherm 
(580ºC), a vertical path of temperature variation and 
a constant GG were supposed. The GG from the CPD 
(that identical to Zb) up to the earth’s surface can be 
resulted (Tanaka et al., 1999; Stampolidis et al., 2005, 
Maden 2010) by the next calculation: 

GG= 580ºC/Zb …………………. (4) 
The Fourier’s cooling law (Fourier, 1955) can 

be used to assess the HF values using the following 
calculation:  

Q = λ (580ºC/Zb) ………………..... (5) 
Where Q is the assessed HF and λ is the coefficient 

of the thermal conductivity. There are no conductivity 
measurements. Therefore, conductivities have to be 
assessed from the works (Girdler, 1970). For this 
study, the values of GG and HF are computed 
according to the Curie-temperatures of 580ᵒC and the 
thermal conductivity of 2.5 W/mᵒC that were 
computed by Stacey (1977) for igneous rocks (Figure 
3) and used by different authors all over the world. In 
addition, it depends also on the lithology as explained 
in Morgan et al., (1983).  

Bhattacharyya & Leu (1977) indicated that the 
shape of lonely magnetic anomalies could be used to 
estimate the CPD of the magnetic layer.  In addition, 
Shuey et al., (1977) utilized the form of the magnetic 
anomalies to assess CPD. They showed that it was not 
possible to realize this thickness in space domain and so, 
used the frequency domain (spectral analysis method). 

In different localities around the world, the 
magnetic data were used for assessing the CPD by 
applying the spectral analysis technique to these data. 
To apply this technique, the considered areas were 
divided into square blocks (Blakely (1988), Tanaka et 
al., (1999), Stampolidis & Tsokas (2002), Chiozzi et 
al., (2005), Trifonova et al. (2009), Aboud et al., 
(2011), Kasidi & Nur (2012), Hsieh et al., (2014), 
Abraham et al., (2014 and 2015), Selim & Aboud 
(2014), Gao et al., (2015) and Saada (2016b)). 



316 

According to Shuey et al,. (1977), the spectrum of any 
map has a maximum depth information not exceed to 
a depth of its length (L) divided by 2π. Therefore, the 
spectral analysis is utilized for computing the depth 
to the bottoms of magnetic forms that do not go above 
(L) /2π. If so, the spectral peak takes place at a 
frequency lower than the essential frequency for the 
map and cannot be resolved. However, Okubo et al. 
(1985) used the block sizes of dimension vary from 
60 to 90km for their studies. Due to the restricted 
depth extent of the magnetized layer, magnetic 
anomalies at the earth’s surface are damped at long 
wavelengths. Therefore, the dimensions of the used 
magnetic maps do not exceed 100 x 100km (Maus et 
al., 1997). Okubo et al., (1985) advised that centroid 
depth (Z0) estimation could be derived from data 
windows as small as 40 x 40km. Generally, the rifting 
areas are characterized by their high HF and hence 
shallow CPD. Therefore, small windows can be used 
in high GG areas. On the road to calculate the CPD, 
the examination area was disjointed into sixteen 
overlapped square blocks with dimensions of 60 x 
60km (Fig. 4). The squared zones are overlapped with 
30km (50% of the squared areas). The middles of 
each block are used to plot the assessed CPD and HF. 
The CPD (Zb) is realized by assessing the Zt and Z0 of 
magnetic causes as described in equation (3).  

 
4. RESULTS 
 
The positive and the negative magnetic 

anomalies with different sizes, forms, and extensions 
can be seen in the RTP magnetic map (Fig. 4). This 
variation suggests diverse in the depths, 
chemical/mineralogical compositions, and 
dimensions of the magnetic causes. The map also 
displays that most anomalies are aligned in the NNW 
to WNW directions with both sharp and gentle 
gradients. These trends explain that the investigation 
area was affected primarily by the RS extension 
system. The short wavelength anomalies with small 
extensions are concentrated in the northern and 
northeastern parts (east to Safaga and Hurghada 
cities). On the other hand, the southern part of Safaga 
city reveals both positive and negative anomalies with 
large extension and long wavelengths. The area 
shows a number of dipoles in the middle and eastern 
parts close to the rifting zone. In addition, linear 
anomalies with the NW directions at the southern 
parts reflect the monoclonal structures related to the 
RS rifting system. 

The Zt and Z0 were resulted from the slopes of 

the second-longest wavelengths ])(ln[ 2/1kT∆φ  and 
the frequency-scaled power spectrum

}/])(ln{[ 2/1 kkT∆φ , respectively. Therefore, the 
amplitude spectra of the high wavenumber portions 
were selected to fit Zt via equation (1) but the low 
wavenumbers ones were carefully chosen to fit Z0 via 
equation (2). In addition, the errors of fit for both Zt 
and Z0 were calculated using Grapher 9.1 software.  

 

 
Figure 5. Examples of the radially average power spectrum for blocks 3 and 12. 
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Table 1. Results from applying spectral analysis and the mentioned equations to the divided blocks 

Block No. Zt 
m) 

Error 
Zt 

Z0 
km) 

Error 
Z0 

Zb 
(km) 

dT/dZ 
(ºC/km) 

Q 
(mW/m2) 

1 4.1 0.01 9.51 0.10 14.9 37 92 
2 3.4 0.01 8.24 0.07 13.1 42 105 
3 3.4 0.06 6.84 0.07 10.2 54 134 
4 3.5 0.08 6.53 0.15 9.5 58 145 
5 4.4 0.07 6.92 0.13 9.4 58 146 
6 4.2 0.05 6.82 0.06 9.5 58 145 
7 4.0 0.03 5.82 0.19 7.6 72 180 
8 5.5 0.13 6.45 0.16 7.4 74 185 
9 3.7 0.07 6.11 0.20 8.5 64 161 
10 3.9 0.13 6.10 0.13 8.3 67 166 
11 4.3 0.05 5.95 0.17 7.6 72 180 
12 3.7 0.01 5.38 0.08 7.0 78 196 
13 3.2 0.13 7.05 0.09 10.9 50 126 
14 4.5 0.00 5.92 0.12 7.4 74 186 
15 3.6 0.21 7.23 0.19 10.8 51 127 
16 4.1 0.01 6.66 0.14 9.2 60 150 

Minimum 3.2 0 5.38 0.06 7 37 92 
Maximum 5.5 0.21 9.51 0.2 14.9 78 196 

Mean 3.97 0.07 6.72 0.13 9.5 60.6 151.5 
 

Figure 5 displays two examples of the radial 
power spectrum design for blocks 3 and 12. The Zb, 
dT/dZ and the surface HF, as well as their statistical 
readings are appraised and scheduled in Table 1. The 
assessed CPD varies from 7 to 14.9km. The GG ranges 
from 37 to 78̊ C/km and the HF from 92 to 196mW/m2.  

 

 
Figure 6. CPD map of the study area. 

 
Figure 7. Heat flow (HF) map of the study area. 

 
These results were plotted at the center of each 

block then contoured to construct the CPD map of the 
Egyptian NRS shelf (Fig. 6). It shows a noticeable 
decrease toward the axial trough. The greatest CPD 
lies in the southwestern corner (south to Quseir city) 
while the smallest values locate east to Safaga and 
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Hurghada cities. The estimated surface HF (Fig. 7) 
exposes a strong trend decreases from the offshore 
part toward the western onshore region. 

 
5. DISCUSSION 

 
To estimate the HF from magnetic data, the 

CPD that correspond to the bottom of magnetic 
sources must be determined. Previously, it was 
assumed that the lower magnetic boundary is 
controlled by the vertical change in the rock 
composition. As, Wasilewski et al., (1979) 
considered that the Moho discontinuity is the lower 
magnetic boundary due to the non-appearance of 
magnetite in the upper portion of the mantle. Lately, 
Friedman et al., (2012) examined the magnetization 
for some samples of the upper mantle. They found 
few quantities of magnetic minerals in the theses 
samples. This few quantities reveal a significant 
contribution to the magnetic properties of the 
examined samples. Accordingly, Friedman et al., 
(2012) deduced that the long-wavelength magnetic 
anomalies come from the effect of such few quantities 
in the upper mantle. In addition, Ferré et al., (2013) 
declared that the xenolith specimens of the upper 
mantle of the low geothermal regions keep up a giant 
magnetic remanence. Consequently, many authors 
connected the lower magnetic boundary with high 
temperatures at depth, which cause losing the 
magnetic polarization of the rocks i.e., beneath the 
CPD (Connard et al., 1983) whether this depth can be 
recorded above or below the Moho discontinuity.The 
spectral analysis was applied to these RTP data (using 
Oasis Montaj, 2007) to yield the depth of the basal 
magnetic layer, GG, and the HF as explained 
previously. The resulted HF map shows a general 
increase towards the rifting zone (Fig. 7). 

Augustin et al., (2014) and Mitchell & Park 
(2014) likewise examined the progress to spreading 
of the RS. Rasul & Stewart (2015) explained that the 
continental crust of the RS margins undergoes a 
noticeable thinning due to the birth of a new ocean. 
Glassley (2010) indicated that the oceanic crust has 
little radioactive elements because it comes from the 
mantle. On the contrary, the continental crust has 
greater radioactive elements as compared with the 
oceanic one. Therefore, if this thinning is the main HF 
controlled factor, the HF should decrease toward the 
rift zone. The results of figures (6) and (7) reflect an 
obvious CPD decrease and HF increase in that 
direction. Consequently, the results of this study 
cannot be interpreted as a result of the crustal thinning 
of the African continental crust. The rifting zone is 
characterized by thin crust with magmatic convection 
currents beneath it. These currents come from the 

upper mantle, which moves the African and the 
Arabian plates away from each other to form the RS 
depression. They are associated also with the 
formation of normal faulting and the intrusion of 
magmatic bodies. These reasons control the HF 
within the study area and interpret the CPD decrease 
and the HF increase to the direction of the main 
trough (more than 196 mW/m2).    

Typically, the CPD is controlled by the amount 
of the upwelling HF. Within any region, the 
geothermal flow depends upon (1) the richness of the 
radioactive minerals contained by the crust, (2) the 
tectonic setting of that region, and (3) the degree of 
the uprising HF from the mantle underneath it (Stein, 
1995). Therefore, in spite of the thinning of the 
continental crust that contains radioactive minerals, 
the tectonic setting of the NRS can be considered as 
the main reason of the great HF near the axial trough. 
As illustrated in Figure (4), the area has a number of 
the deeps, which are linked with obvious dipolar 
magnetic anomalies; indicating a presence of new, 
limited intrusions (Cochran et al., 1986). Martinez & 
Cochran (1988) interpreted these deeps, as the 
principal phases in the progress of a magmatic 
spreading axis within NRS. King & Metcalfe, 2013 
established that rift zones could be considered as the 
greatest encouraged tectonic settings for unsighted 
geothermal systems. Rift zones occur where 
lithospheric plates (African-Arabian) are thinned by 
tectonic extension and convection at zones of 
upwelling hot material. Ebinger & Sleep (1998) 
declared that any rift has usual channels for hot 
material from mantle plumes to stream horizontally 
below the thin lithosphere. Consequently, the great 
values of the HF at the eastern part of the examination 
area can be linked to this magmatic spreading. Abdel-
aal & Yagi (2017) published the seismicity map in the 
NRS since 1900 to 2013 (Fig. 8). The correlation 
between Figs (6, 7) and the seismicity map (Fig. 8) 
shows that the activities of earthquakes are focused 
on the eastern portion of the study area, which has a 
shallow CPD and high GG as well as HF values. This 
activity reflects the great effect of the rifting action as 
compared with the thinning of the continental crust of 
the African plate to the east, where many earthquakes 
with different magnitudes are represented as 
displayed in the figure.  

This study displays the detailed results as 
compared with the regional studies that were carried 
out by Saleh et al., (2013) and Elbarbary et al., (2018). 
It covers the offshore part of the studied area 
(40x40km) that was carried out by Salem et al., 
(2000) and gives similar results. In addition, the 
results are in agreeable with the geothermal 
measurements that were measured by Girdler & 
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Evans (1977) and Martinez & Cochran (1989). This 
study can also be correlated with the results that were 
coming from magnetic data of the area lies to the 
south of the study area by Saada (2016a). The area 
shows shallower CPD than the southern portion. This 
interprets the concentration of earthquake activity in 
this area as comared by the southern one (Fig. 8). 
However, both results show a general increase of the 
HF toward the axial trough.  
 

 
Figure 8. The instrumental seismicity in the NRS area 

(after Abdel-aal & Yagi, 2017). 
 

6. CONCLUSION 
 

The Spectral analysis had been applied to RTP 
aeromagnetic data to calculate the basal depth of the 
magnetized layer herein assumed CPD, beneath the 
Egyptian NRS region for assessing the HF. The 
magnetic data comprises the effects originated from 
both near-surface and deep magnetic sources. The 
estimation of CPD is related to these deeper sources. 

CPD increases from 7km (close to the rifting 
axis) to about 15km at the southwestern part. This 
reflects a common GG decreasing of roughly 78 to 
37˚C/km westward. In addition, the surface HF ranges 
from about 92 to 196 mW/m2. Accordingly, the area 
reveals a high GG and HF regularly near to the rifting 
area. This high HF of the area as a part of the rifting 
system of the RS exhibits the important contribution of 
the uprising HF from the mantle below. 

The importance of this study comes from the 
unexplored area of petroleum despite the availability 
of different geological structures and rocks in 
addition to the GG, which helps in the formation of 
oil and gas. The second point comes in terms of the 
need for renewable energy sources, where the NRS 
region is the most abundant areas of Egypt for the 
geothermal energy source. In Egypt, the Ministry of 
Electricity and Renewable Energy is planning to 
exploit the coastal strip of the RS to generate the 
geothermal energy with a width of 30 km extending 
from Ain Sukhna (in the GOS) and to the Southern 
part of Marsa Alam. In general, RS countries can use 
the geothermal energy in various ways ranging from 
heating purposes to generating electricity. 
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